Corporation. This propulsion concept is designed to replace the propellant in the M829 family of rounds (120 mm). The objective is to facilitate the loading of the propellant into the round without degradation in performance or in vulnerability. (At that time, the configuration of the XM829E2 used a charge that was composed only of JA2 stick propellant. To maximize the energy available in the fixed chamber volume, these sticks were cut to the appropriate shapes that accommodate the projectile boom. These operations made the propellant loading operation lengthy and, therefore, costly.)
Three propulsion configurations are proposed. They are:
(1) Annular cylinders of compacted ball propellant with JA2 sticks filling the central cylindrical channel.
(2) The same annular cylinders as in (1) with loose ball propellant filling the central channel.
(3) Bundles of JA2 stick propellant with loose ball propellant used to fill the voids between the sticks.
Aside from the obvious requirement that each propulsion system yield satisfactory ballistic performances, a major concern in this study is to ensure that the vulnerability of the rounds is no worse than that of the current rounds.
The geometric configurations require that the testing be performed on configurations close to those of the actual rounds rather than on the individual propellant components. For the vulnerability screening, it was decided to use the impulse pendulum test (Watson, Serrano, and Pilarski 1991) in which a shaped charge jet is fired directly into a simulated round and relative responses are compared. The loading configuration of this simulated round is nearly identical to that of the ballistic round. However, the variety of propellant grain sizes and formulations (deterrent concentration and gradient) and available resources made it impossible to test all the possible combinations of propellants. Thus, the interior ballistic tests were used as the initial screening of the Olin propellant combinations. Only the ballistically acceptable configurations were assessed for vulnerability response with the impulse pendulum test.
In addition, shock velocity tests were performed on the loose ball powder samples and compared to the JA2 (granular) response to obtain an idea of how close the response of the loose ball might be to that of the JA2 sticks. The shock velocity test is not designed to accommodate stick propellant. Furthermore, because of the variety of sizes and amounts of deterrent in the loose ball powder that was already manufactured, this appeared to be a convenient way to obtain some measure of the influence of web, grain diameter, and deterrent types upon vulnerability response. The results for all the propellants tested in this series are summarized in Figure 3 , which presents the velocity-distance curves obtained for the six propellants for which data were recorded. Two sets of curves These ballistically acceptable lots correspond to configurations 1 and 3 mentioned earlier.
VULNfERABILITY
2.2.3 Impulse Pendulum Testing. The two configurations selected were loaded into 6-in cardboard tubes for impulse pendulum testing. It was originally intended to simulate the 120-mm round as closely as possible. This meant that the propelling charge would have been loaded into the tube with a simulated projectile boom. In order to achieve this simulation, wooden booms having roughly the same external dimensions as the projectile boom were fabricated.
However, these booms proved to make the loading operation especially difficult and it was decided to load the cardboard tubes without the presence of the wooden boom. This solution was chosen in order to ease the loading operation, but it was also found to exhibit an additional advantage. The test results from this series ought to be compared with those obtained from JA2 alone (this is the standard), and JA2 has been fired in the impulse pendulum test without any wooden boom in the cardboard tube. Thus, the simpler loading conditions make direct comparisons possible.
Schematics of the loading configurations are presented in Figure 6a for the configuration involving JA2 sticks in combination with loose ball powder, and in Figure 6b for the one including the annular cylinders of compacted ball powder and the JA2 sticks.
Three firings were performed in each configuration. In addition, and in order to obtain information about the response of the ball powder itself, two more tubes were loaded with 100% loose ball powder-one with the lot used in combination with JA2, namely. X4297-14.6 (G), the other with a lower nitroguanidine (NG) ball powder, X4368 (C). It was also decided to test one round loaded with the combination of 16-lb compacted ball powder and of 5.5-lb loose ball powder.
The test data arc presented in Table 2 . Because of the important differences in the simulated propelling charges, there are large variations in the total amount of energy thai is present in the test from a. Stick propcllam and loose ball powder.
b. Stick propcllant and ball powder compacted into annular rings. Figure 7 shows the test results in a graphic form. This figure includes the impulse pendulum data from shot 88-28, performed in an earlier series on JA2 alone with a similar charge weight. In conclusion, the use of loose ball propellant with JA2 stick propellant should be avoided until the exact nature of its interaction with a shaped charge jet can be understood and techniques for ameliorating its effect arc developed.
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As mentioned previously, four parameters were thought to have a potentially significant influence on the behavior of the ball powder samples. These parameters are: I) web, 2) grain diameter, 3) deterrent concentration, and 4) deterrent gradient. A plan to determine which of these parameters is the most important for the vulnerability response of the propellant was devised and is presented below.
Ideally, shock velocity results would be compared for two propellants that differ only by a single parameter. For example, propellants with the same web, the same deterrent concentration, and the same deterrent gradient, but with significantly different grain diameters, would provide information on the relative influence of the latter parameter. In practice, because we were working with propellant that had already been manufactured, some judgment had to be exerted to determine what "same" was.
The a priori matrix of propellants whose shock velocity results were to be compared with each other is shown in 
